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t^7x-h ^t— if (kdpk) c?5 u >'Wtfcmm<z>i&m<n 

hU^7x»h (OTPs) S:NnPIfiD^-<Z) U >mfc»#© 
Kj&ZSrifcfci, (a) 1t>y;U^ KlflDP^J^LT, NDPKU 
^UT> NDPK£0 >g£fcToX^&l£ (b)' -^-COU >gg 




WpI (s) 



(2 ) #-352 0 0 2 5 43/9 

^•CioT, V*.y Ky*.X7i- — (NDPK) «o 0 

[SB* JR 2 ] -if > y> + > * V >f V y \ 1) * .x 7x-F Hi "f 

i^t*oT, ^'WtvFyn?^:-^^: (Ndpk) 
fi?l ^<r> D y Wit 1" * X*?. * a" tr Hi)" &yfrHJU>fto 

tut* « 4 3 ') > K-ft s *l& ^ t # y > asft ? n & m& t xm * 

[fS## 7 ] 5&#1fcf£1&* IIDCC (N-C2-C3 — K T -fc ]- T 5 'Oxf A 0-7- 
v -n 4- )l- T 4 ./ v U > -3-%r s}? *c A K ) "C' $> & ShJ * <£> M W £fc 5 W, X it ffi 6 

[fRycH 8] y y ^ -t y K ^*.X y ^ - 1- ^'ADPXf±GDP-r^ ;l Sf$c7?«gB 

mi &&&<o}7&o 

im&M 9 3 * y y * k y * y v .-c - h ^atpx i±gtp-c* & i»#o*e 

ffl £j 2 M fdl y? A' & a 

[ i s # s i o ] a& utt -e * -4> m >* w:$ 1 e> # 9 m <d v > r ft 

fulfil 13 NDPK^;., Aspll2-^Cys^^^ £ U ^f)^i^LC 
S£ J£ t~ IDCCjfifg; £ -f & Myxococcus xanthus ^ NDFK-c % >h H * <D Sj r|5 1 ?I ^ 5 
?(? l 0 iM co -f H z5 1 itfi aCl^ co ^' fe Q 

^■sM "1 6^ * •> ^ -y ^ * -*> ^ * * -<i t&Xi i'- W $ ft 7c ndpk o 



(3) tt£2 00 2 5 43 79 8 

1 4 ] ■%%j&mmib* >■ * 7- -f >'JI;SC «£ o T NDPKi; L T V > & 
Hn3f< «K H ft- 1 3 3g?E$to NDPK 0 

SJ«<7>NDPK„ 

[m^JB 1 6 ] Aspll2^Cys^|£^£# - ^il^Lfc^IH IDC 
q§ ^ f- £ Myxococcus xanthus.39 NDFK o 

[nSifcffl 1 7 ] V -)• v y v*^ V .x - f O^-frUJgS-tffe^Sfe < 

is %m<v NDPK.t s g $ o 

<?) fSBHSjl 1 2® ?5' 0,^ 1 7^ <7> V > -f tL rr- llM 1d#; <0 NDPK 0 



C4} tfcfc 2 0 0 2 5 4 3 7 9 8 

[ 0 0 0 13 

•*.5m it , X V ">* *X7j - I- - # i" ^GDPc. 7 t ftO'/ y -fc -f , 

5 0* 7 X V" jJ- "> K h T J -V- 'A y.c- h , # IX ATP& r/GTPiO f z £> ^ T ^ -fc -f Kg|1~& 

o 

x -5' i- k v * ^7x- i- a. w :- * x 7 ^ - ni, a- #j ^ s^ti^ & 

&*J£:<&CSo ADPii, ATP4.^Bt-t-S7te6fi9ifi:^<^Htre4&®T?* 1r J > *fl BS-^ X -'V 
^-c?> •jSfcftJji&'SEiiW'C** (the universal currency of cellular energy) 
o GDP f i , ;< ;> v ;v CcA-> > -fc 7 - 4f cof c &co& S "C * 1? , X V 7 V X +r X ;U CD 
• J t - W-M *C* h , * * * J. j - )i- fc' ji/ e > j® >!; ;v j.K- J f -> * t^t'HJ: s> Mfft X> 
ir-M?f^ 0 f?c, -e.tif±, gx x^xSvXxxtSHX Sfch^ifSOfctf-iB 
fc is x t <i £>sH -eab&o UDPfdU :--^«^U3-7,^j.t'-7- 
-ffc, x a n - x cof^t&v-y >) u - f > ©Jgjtffc H9«-r-& « CDp w > *x * 7~ '.) 

-t V 7 <7> -s- Jj£ fc js V » X WM 4- 2 -C 2D'£>o i > x X v * -> F X * x 7 j . - Mi , 

}- v * x 7 t 7 - -c & 0" * • - -t? # co $ co ^ o & <^> ± 5 * 7 v x fc j: o x ftt # 
•$ ;n^3ix.iSx-Etre^ #..-,t> fftJEas, dna^. MK&v 

M : M N * -g-tr < ioSHfla V u -t x i o T 0^. e :tt o o 
[ 0 0 0 2] 

ccoJ: 9 ix, xx v.7]-v Kv*xx.r.- hjia^h 'i *xx.c- co-RttiS.o-'ifly 

;W -> 7 j . -7 - nf t-- S O* < ± t' ^ > 7* >P <7>ADP^ a- ATP<^) r •>' 4r X (i , 20^. Jit, 
±*«5lW»]*b^"C^* [F!).X^\ 2, 3, 4J o ADP&iMTP<o4Lt! 

-^;>V.; r ^1: X [i , S ft Jl V milhBB.^ ■< * 7° v - 5X -fe iy & « H & -C eC^ e tL- 
[ 5 ] ;V->7 .x y - ^ ^ |IJffl 2> 4: X. x A !As aiLiateiWlHi!- 

.ti v t ^ ;h co n m x m ? * t tv^ [6] „ •« v ^ ATP - m p it x co AJ c?) fc *> r. fe L 
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Mit e it 7t £fc ^-m^ADP / ... j r sjftv*** [7] , i -K ii atPco m m & 

t tz > "0 $ # :)t:)t j£ & T ■>■ -fc -i' & IC jK £ *l T ^ a [ finj £ Hf 8 ] 0 

5 , £ >■ ^ a> <dgdp% o y OTP^ r ? -t 7 4, j: < $a p, n x ^ z> in a 
#tti9;^i o] o 

^XIl 1 tt > ADP. GDP, CDP& O^UDPiO - 5 - A - y, ? a v >• if y 7 4 - 7 

it, GDP& ili'CTP<7>^t-^T ^ -tr-f fcfti JR3 lttv>5 [12. 1 3] 0 in viv 
o ADP i- )v cr, fflij MMR-< - ^ r •>• -t ■■{ it , .-f - .x h K o u > T ftl P)tL [H] , 
4 7c MVIRfiADP/^ CMTP& tfifc JftLSfc fcflfl af S fcaoMW 3 ft TV** [15] 0 
[0 0 0 3 ] 

<C J: tl fi\ 7 7 U- -3' -> K * X "7 - h (A, 5? 7 V* v y ->* * -X V .x - 
h * -J- - if (NDPK) co '..) 7 Kfb»#fiO : ^S<?5j|& U >«>fb]X.SS !•- «t ^ T^UiXfiSI 
J? 7 U'.i -^ K > *7, 7 :c - Mi, f(D ij 7 mitm^ hDPK^) 

£ CD =fc ? 7 „ $ 3& Dfl { i , (a) 7 7 7 v * -7 * X 7 a.- I- 7 - 4f <r> \) y m 
<\M%rMt&<rm l ) > mkKh'6 Ztikmrz X^Sr-g-t % ^ >• 7a- + c^^ ir u * > 
KV*X7j - h00^-tE00.1t/l'i.b'<a;> ( b ) J< ^ L-^7 Py*X7:.- + 

•^---tfcoii >-'eg-ffcff^co:J^^^co «; VCt-ffcJzJSsr.^dil-^X^^^-tfv tv/* 

- ^ > 7* + <7) 7 7 I- -t 3.- F V * 7,7x- 1- ^ NDPKiJ R-ftgjf $ 
■«*■ > X (i 7 7" ;U * <^> 7 7 7 * v V * 7 7 j - - I- |C NDPK^ ij > |&f ^ g ^ ^ r 

[ 0 0 0 4 ] 



CG) 0 0 2 5 43/98 

*NDPK" EC 2.7.4.6i HS'^^OT-., 1" * *> *> ^ > # > 

v^7x- > (N 2 DP) ^«^ttl,i|^tfrr?)o 
N.TP+ N, DP-^N, DP+N 2 TP 
ZOK&A*- A !C&-?V>T, NDPK^^4Sf±, "ATP: ^ ^ F 5>** 7 

stf xtf h 7>A7j.7-ir -C*2>*\ L'tfv F">'*x 

- > * tf - -c" -eat, So * >t .. * comma, * -t - -*= ( T J > > 

tf v F -y * X 7 j - - K X x V 4" -> F 5 ' v * X 7 j . - * -tf - -tf % X X V tf v F 
v * X v .c - > (UDP) 3= tf — -tf , * ? I-- '3' tf F v * X * tf :? — -t? > 3* X \s 
K*.X7i- htftf-tf\ NM23t f-#;!C|EJ?£§ ftTV^ c 
[ 0 0 0 5 ] 

NDPKfi, ^<<D^.m (WM^&0*mk^<VWl-%) , f!)xiix V: K H»9 >' 
. +f-tf\ v *> x , 7 7^7;!^ 37XA^ i>P';v^, v-vtf-tf-e 
, tf-XK M^W, Myxococcus xanthus, n X'^fl^ ER^x tf X X 

ftov>T^i?tLt^6 5 *'J tfv-.f«#x ^.'.^ ix.£ 

j££8L3n^ .KfcfeitK (substrate preference) ft^pH., pHfgffl., ^MiSJgU * 
tf tf y ;iatf ft (Mrf + > Mg : + s Co 2 \ Ca- * ) 7g_ 0^4- <T) T i' V X if- - A t~ J: & r 

tf6xtfltfS;tftf^§ tL'C^So Atf^itbtf-Mx <o~M *i!tf\ if 

#li „ * £ ^ie^ffil JS bfc NDRC^ # j> fcSKR-c § > § «> o NDPKg^jg J* 

, 7 -* x 7 - \- £ x x v tf v F ') * X 7 - r <KTP) ^ p>^.$Ui>: fc X 
tf tf v^ifrS -tfS e>?K> * -Xi^fijffi Ltf s V >HMfcl*#«t» W 
L, |^f??Hv;'-7*X7j-f (N*DP) §r^i~So *5&9K)u 'J V® 
i YM i& rf' PI W-fj i -e ^ & t/iffl iii * x x 2> W X ^ - Ji/ 1 ' -a /cot$£T*^ 

& t- ft o < o 'J x K-fkSf 3g 4" Kl # i- ixc, W i L < ii 7H' F ^ • • ft 
IS-a-irlS-lv- 1' ct o T> X ^ 1/ v I* v tf X 7 - h ^ X ftfttf S % 

. >F sftii-j e f;UxJ UU-'o 

[ 0 0 0 6 ] 

tj XpS-ft^^Lt, ^f)'J XtSitl'tf >Xtf r i T ^M2^Pt-l>3ftLtf , M.rbtfSNjTP 
•■^M;tf S c»: A v 'c =i S o C cof?fi&co*&iii (i> 7< Utf v Kv -tf X 7 -r- 
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#1J x tf'NDPK£ CO NTP % n jgj fa ^ }i ATP t i; t -f >' * - - h & z t fc. J: o 

x. EDTA t jb rMg 2 k «fc o t-m £ n .* [ i e ] 0 £ , > 

flWfcStai k LT*.a*7 < t*- I- (phosphoraim'date) £ j|j ^ -r t 7 f - -7" 7 coit 
U > et-fk£TO L T *> [17]. 

$8. v >■ mt L * v •> -e4S(^ m j: t ? # < * -e'M -e § N -sot: -e£gi ro (/J7 

* < <L t 5* ^ ) Jfrjg-r? £ & r t ri**? ,-d-- o (fc £ x. J£ «J & § tLfc&J&lBlM&BL 
•J > BHfc r £ D fc t L T * ) 0 ^ <7yM%fL<V fc to \z <g.£&i*im <fc & ■£ v» 'J > 
Bfcf t Bf $ «0 & .fete I i , O m id ATP y — .}? ^ jje co ADP<7} ft ft ^ gfy ij ^ fa £ £ -t 

- - -r & ?z a> \z , # t * m -c $> & a 

[ 0 0 0 7 ] 

•frfc i o T,?a >j v'etft $ 0 ntp£ -§-£,.-(;- >• -/> {cjn 3t y > itfbpi^ 
ndpk^; y ym-ituvu y > m-fk^Bji * sfeaif ^ ?t «e> t , ttnumttm few 

.i »f , Wii <?> 1*1 -fit <?>#t** J ?-iJ m -e s 4> o ajR<0^4 * 1/ H J: of S-iR e 

- * .X -7 -c - I- ^-fitffi ("f * ^ ^ , NDPK^ 0^ 6- X f± NTPc) r .X 7 - 
\- k L "C ) li, 31 p NMRx •-< 7 !- .'H: <£ -j -CflS®-Cg * <, 

- WIR^^'Jii y > K-fk ic J: o T lS-fk"f & 7" n h > f± , Ml x. (JfNMR-^ «£ o T 

- Ml ] >'mitl±, y' St*? S r co T- y -/ > 7 r > ^,^<0 ^pfcfiO ^-fk & A C £ 
^'A^S Wtfi\ #ftf 1 8] o 



C o o o s ] 

io <o# tar- i l <^ 1± , *m h-'j k i* ^ ->- -i > «t & -£itmm<vw% 

N Myxococcus xanthuscoNDPK) , 1 JlligftSttt: ± o ^ I 2 [flU 

9] o ^Ift^fi. 51 <f)fztt>co £f M & £ fr- ?Jt 5c ~C d . ^"^ I- 

^®M&&TtW;<r>mn%7lZ%:^ CL t ^^iF.-T^ [Wltf 2 0] 0 ff:j£<7) 9- S> 
titer Z j mn&i?. ^P^WMlt'cVifc^ <0 & «tv^**^xi^^&fr^4)4o 

[ 0 0 0 9 ] 

iff * L ^ tXfflls^ ti , if n- y V S4rit & ® (around coumari n) £ ^ - x £ 
1"&o L < (±. N-C2-C3 - *T-fc h T 5 F)xfjv]-7-yJ.f)V7 5 ,-' 

-;r V «;. >-3- A 3 y) "C*>»5 [2 1 ; W 1 ] „ £JHM¥-K ' IDCC ' t Iff 

*o Cl*Ui, ->Xx-f >iIt!S-&t^^^liL<^ NDPK^nj y ff it£ 

PO .{-MlT X{i? D: r7> ADP^ & ft - e § 2, f 0 & t Jfe#*r & a ti tt , 3 k. — ^ flli 435 

ti.fi, ADPu-^ ;u-<7>S-ft^^t Lttli:^ < .U.C i"^ d t^'Cg , ? 
u -c >uco$i LQl ^ Si x. ^ A ^ 7 i v .^■si-fh; Ir-^-x. ?j a 



(9) tfr^ 2 0 0 2 5 4 3 7 9 S 

mt/ffi, 'J V flMfe £ .^.'fri" ^ *!> <*Hifc«> $> J: 13 fcSLTv**i£ fiBftj^S 

« J:?^ tt , * M fc-t & <n> \z X *)M L T ', & 0 
[0 0 1 0] 

T y -fc -f $ ft -6 .5C ^ .-t -> K V * X 7 j- - / h U * X 7 j. - S li , J+j £ *l. 
3 NDPKtfO^^-e^- tt *U* £ £ V>„ ^>(^NDP^gt tTf±, ADP N CDP. GDP, UD 
P IDP, XDP % ^ fit, ft -7* if- ^#^t# dADP, dCDP, dGDP dTDP, dUD 

P) , 6-r-lf-UDP, 8-yn^-IDP, S- T 4f-GDP % ; W S- T ^-UDP, ^7 ->=v 
> 5 ' v >• ^ * ^ * ^ _ J- : ^ffi^ $ ftT ^ i [flj £ f.±\ 2 2s 2 3, 2 4 ] 

M 93 -$i - > T T -fc -f ~C g £ o 
*§&Wl±s £F S L < /■iADPX{3tGDP^;^- t B fcafrMfc Jfl^ft^ 0 #0 

[0 0 11] 

% h h 4- 38 93 li - ^ jl- 4> co x ? u $ v K > ; * x 7 j - - I- X 12 S V * x 7j.~ 
h^£ft-ffc2rfcfc£-5-;L&o rftfi. jfltStfltKitl, M3PXfi^<o«JK^*f LTNDPK 
CDltOi'nJ Bc^^co^b^ra^f ^I^^l^tfo rati, fttjft^^dCfjK OJ 

tt^J: t t {i3El.jp -ea=; o 7 o m.lL it , *M W tc (i jRij jfe $ ^.Fg 

<7) rr ?3 -t %> m m r-ff *> a % 0 

^i— <DikB.tt}giffi \z.3s ^T, X ^ l- :t ^ K ^*.X ?x-f X(i > ^ 1-- >\ V ? h 
'J * x 73.-I- COM {±. -9- > ~? }^cr> V > ( NDP ) X f4# ') > it-fbSf-S 

(NTT) \) >mitMi£Vls^A'Kteil2 > M& (NDP) X«±g+in (NTP) • 

S-ffl>IZT4> ici; o "C&3SI i? ft«o 



(10) tt-7< 2 0 0 2 5 4 3 / 9 S 

I*- cr>&m & m m ^-c, ^ v > k * x 7j.- h x ia y * x 7j.- 
hcoE^.MKii> mwi-tt-r* x ) vmim-%<r>'s~-<)\>\ l -&iyz>w3? ( NDP ) xa 

jfjjp (NTP) tcj: otftjETSi, $JM££Hi£:t^fa^-r (>TJx_f±\ • 
ffiSSIJMftCKjjfe^lcS"^ < WM^r^) h ? ■■< ? r > 7~i~S £ t * -j"C. * * 
v * ^ y •/ * x 7i- :-X it 1- D *.x7x- > <dMQl&&: £ ck^f z> -- 

So i<7?MiHiKl*5V»T. y>SMfcB*3fc (NDP) y^XUi-f (NT^ *5 ij 

ymm±s y r^-i -aw ^?}ts 4 lv> 0 

[0012] 

(iNDPKij > St-fblff-^^l^l^sO* 4 "9- >' "7*^ fclSJU"?"* -M TM £ is ft 6- "? v» & o 
d it it W 1 J > 8K bNDPK^% f> \) y mm&KffiMrt* z. t \z 3t if LtUv> 0 

m k , n h H & ft a: ^ x - * * frffilr & * -a a- -e t> 
*r- 4 l < , , NDPK^t*^ H#-r &is^ J ab & 7- * 7 -r o y , v 

^ -y (desdanine) )£ U<^ ^<D^M<V $iWi : fcM$.~t %> * 
[0013] 

ISO >; & fc !•;: N ,4^ m \t &Jjfc r. * i'+ 6 tfcW co tz ft <Dt*M 2> ° 

nj' ffi >• ^ ,>W x. S t:$tt 4" ^ 1" ^> i ^ ^ ? *t S NDPK^^^-^ 0 

jh.AlNDPK^^^ti^^-e^oT* ± < > JT-4 L < ^IDCC- e <fe2> 0 ^ 

Pi » 9 ^ ADPk'^J 3^- -^-^:^-eJ: 

4 , it , % 9 V * v K v * X 7 - b co - r ,»i 1> c: !-g tS-A'±.& $> z> -'P 4- < t 
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t * > t-mm *±> {-c k m ss-rt ? ft * - ft e> ^ ndpk^ * m-r si§ £kbi& -r 

PiAATP-.cD^^^ici'yjtW^ ft£ 0 ttoT, B^'vii (free solution) 4. 

i ft > *3S9J fi c ft. 6 60 NDPKfcfcgj so &ft. Jsm * £ o 

^Ofjfi. in vivovj^in vitro#|0f JL<*>K3ig t LT©UI©^fer. 
, CI ft P> CO NDPKiS* £ iSH»t 1" & o 
[0014] 

■ ■ ftfcl & ^m&mt Sambrook*, [25] tfoT^o^o 

M . Xant hus<7) NDPK<4 , ^JjSff (c £ V » T * u - > f fc £ ft ., ^ e ft 2 ndk&fc^- (c 
J: o T.t- K £ ft £ [2 6] o •>■' > :< 7 5 fi 16kDa-^ 7 *jx - ]- co * 7- > 7 ■? 
— e**J, #3Rtttf &ft*CJ3*) , S^il^^JilT',^ [1 6, 2 7] o 
£k.3& Syff {iiC1it^> is X 7- > & *P?AjX v> 4 v» -ft. % fft-7- }± s -ft .X * ft * x - 1- 
'<-xm [2 8, TV ■> A l: J: ^ * 7 F ff£ ^i* ] X tfPCR^- .7. 

y ^ f-^ > :v S [.-a > v * >] t-.H T;M§i*f ^TGl&-tfrDH5 « <7>^ 

W WMifi 5S ft <fc o T -> x -r ^ v £ -f- a ft ft ft 3 ft. a „ 

T7ytA. J f I- £-.Jfti/> T_\ M.xanthus|||^oondk^f2:^-'-$-^rt-PlM5C2AcoO.Skb 
Hi ndlll-EcoRI -y y .y -/ y y [2 9] * M13mpl9 1 £t ft L # t, ft ftjftUfe XL i? n 
- >' 4' 'll ffJ L T , £A j&fcfeo ft * ft — M DNA-r > '/ V - > iftift L tz 0 ->•' u - 
>itoo£ ft ft , ^mMm $ -*ft ndkja^T p3M5C2Aft ^ f 0 t^n- >-fb L ft ( 
cloned back into) c yiJ<7>^cDt L"C, MlSndcjfl^jg^^O. 7kb BstXT-EcoRI 77 
> > * A y e r n ^> (MI) pRSetA^3Eft^ * 9 - coii^n $ ft tiW§. t jfe-fr 

^ftT'/'fto Clfttt-/^^ Kco3.5kb pRSndkX^TTij^^ ;ft s d Cl X^Mi<^) "X" 
fi - }i 60 CO Sfc 7*4, 



C12) f*35 2 0 0 2 5 4 3 7 9 8 

$ tz , pRSndkfi ? .-{' ^ ^- j. > co -r V 7 V -hi LtM L £ a 
[001 33 

D112C (-r^f5^Asp-112^Cys^|^^. L^:) .75. t?D62C£ -frtr 77 'r ■< 
2£t <0 < zi. - 9 y h 9 yrv/ Stums Ljfco Slffc3K#<& fcrtxalfciafi, 

mi m \z {i |$ ^fc&ibih,* 7 7 V -t f- >*jgT'frra BR o ifi&S-B K '• i "C 3K#? 
£ [16] o 5 - 7 > b Dn2Qftft^£ y 7* *pRSnck4-cg£ U S £ 
§|^^> 2D fc-? ti£fitE L fc 0 f t-J: ^ft ; *i:ov^T, 8rfc tc h 7 > 7 7 .h- - A 
L 7tM.Ua * x 9 -9- 1%m<D rz sfr K f£.W L )t 0 200 /< 1 * ^ r > A ^ > ^ T >' ^ BL 
23#HIJ& [Novagen] £ 2ng<7) pRSndk4-/ 9*5 vDNAtc i 19 , 30fl-|iy # h "CM > * * 
..sj - ;- l o 2fc V > -e , £ T) <o >ji # £ 0 . lmg/ml <?> t > 5/ 'J 7 is- LB ^ A! 

-7" \s — Mr-t§, 37«c-c— D^'f "y Hft, 7*U- Mi. Ki T- l-i 50 ^ 
^100<^#£-£-A 7 e o 0. lmg/ml c-i 7' > 7 0 7 *£tr lOCtal coLB** j&K 7" P - r 

5j> ^ 23. t, 3o t , ^v--c^mm^mi.x, z---? hmmt^wj-x 

oA Q :-V:3£^<7> re Sx50Qml^LB+r> e->li v ^- lQnl <r> p§ £f]i£jH8e ICfilll L 
, 37=- c -e6p#fkl -< >^ ;r h U NFlHI-Mflfefi^ A.MfrD^('± 0 - 38 ^0D 5 3 S (.;: 
^t?to °- 5mg/m1 .75 IPTCSr&V 5" 7, =r K SSstffll^ $H Jt& * 35 K 16u* tfU 

If ?|i L o HDJfe 4- 5? 7 v y L2]iL>LM 't? , 3800rprrre , 20< C t? 20 5r M & 'Wfrttt" 

4 c t r_ J: fj toiJE l/co v? i- ^iootm^^.^^A (2QrM<7? 1- «; x-hci , ph s. 

2 , InM EDTA) \ z H-Mfl L , - so r ^firitl L ^ o 

i; o t ^ l re o -c 00 . h m * ( 1- * io % n m. m m m ) * l ^ 0 i&s u- ■--< ^- * 

SDS-PACE,;.;-: J; \) L 0 NDPK " tt 50 % ^ *) # ^ -i h 7»V 9 > ••' 1 7 r g £ 

NDPK;,^fg5 (.A 2o CD 77 V A ^ P "V h y 7 -f - WX^Sr^tf o ^ P H ^ ^'86® 

a + 1GtM<^DTT£ .lh /c *V!!i^SL^> *lLf^,'l\^ (^20On1) £12 
0ml co Q-t 7 r n - .7 >f >r >' -7 -y A {c 4"C CP' 2 - Qui /mi n ( r> A ^ 0 % 

7 A £liA^C'^^nST-?7l:f# Iml/minco^ig-eOzJ -. t> 0 . 3M 6 r> NaO eo^^H^J 
PS (SCOnl) -C-rS iiiL/to NDPKtfv?A7 (i^j80%) {i d *Lfe <7>*ft T'^fll 
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[0 0 16] 

Ami con YMWR*f-afi £j£ * 33 V » A: r§ tti* * jftHfiff A C-lOO-fe v r u - 

* l rc o »■ i&dna£ i% , a. 9 > rt $ % % Aj -e i/> ?c 0 NDFK *- -ft tr iii 53* 
& jfr L , wit |Wf# &r ilLlff L fc o 

N^^iil^J^^rL, r h t7V--e"b*aAJ»'ft' NDPK ^J:4fiA^>'5:^c:id ,f fife 
f& £ ft fc [30] o fT S fr-fr-r- * »± s .ill fc -7 >• ; n" ? n 5 * - * > h -7 > 
^^S-N^Sf^ ^^VOffrff L/:»};l#t* w 15993+ lDa^.^-^ tji—:f£ 
-C& Sit £^ L , ^J^ffi 1*1 til L ft-ft-, ft^-c ILT v >5;t $ *i 
fc [ 1 6 ] o 4 U 7 1- ;u <D #• <b <^ ft * NDPK 0 1 1 2 ' : <D K fi fi & 30Qng-tr & 0 fc 

o 

[0017] 

NDPK? 1AiC £50rM<7) }. x) ^/HCI (pH 8.1) ^^.Sj^^J-ftcnlDCC (|*n ) - e> 

-e&V), NDPK 0 1 A 1 c *>jft0? »± 150/, 0 fc 0 > ^ . x ^- -> n > ft, -^>5$7ff 

^O.Z^M^Acrodisc? 4 ju ^ - (Gelman) ^ J: jfciBL, j&ttr&B (I&tMsd > n 
X-HC1, PH S.O, IitMtjEDTA) f# tr L 7C PDlOjftjft * ^ A (7t,W->7) L- 

L 7c 2 5m_1 CO 0—1: 7 r a — X ry 7 A A tl , 4k >.< 5 "C Orf * £> 0 • IMcO 2Cml <o NaC_1 cq M 
£1 RB L rc 0 n SB * M L rc ffc-DK f£ L rc ^ > .• s- ? % % ^ (r $ ffl L > m LTv 

MWi^sfe-CNfc* ttf;LT ( e 4J0n " 46800M" 1 air 1 ) N 

Jt-feT -Ir-f tr J: -jXMini Z fltc i>CD t —&-fh „ 276niv^ IDCQ7) (-y-?"- 
4- ^ 1^ -f" V—fr # JJU % + 430nM^O . 19Stfr) ^ ) T'ffijE L >c #: , NDPK^ -t )L- 
® fi*" 7 '"" 7600M" 1 arr 1 t ftff. § .fUc 0 
[ 0 0 1 8] 

mm vm&k^^mmm. ® k ^ es% -e^, 0 ?c 0 ccoAv^jz^tt, cys^m 



(14) ftg. 2 0 0 2 5 4 3 7 0 8 

MW*ltl* 3 P«j£'il^*KJ:o-CfflljEUfco IDGC-*OPK#MW 62.7kDa (ff 

M tf -Pfrkr b 7 v - i-i o^t *Htf £ ft ft i i> 4 % ffi ^ ) <r> t \- y v - 
-c&ft i t l'/Ki- 0 

Hi* CFQ-fc "7 / n - 7, ~XM £ M. if T , J: /Js $ .x V - )i trf j- o/; 0 

^ l rc -e « -ttfecT) * - )VKm-mm& ft^mxmmtt > MDCC (N-c2-a-v v 

[2 1] o 

[001 9] 

fco -f* > -J r j-'^- a > ti 30^ 45.^psi 37<C TlOrM^ v ij x/HCl, pH 8.0, liriVI 
,7-; EDTAx it lOmMT) PIPES, pH 7.0, lmM<7) EDTA^ ~e £, f r _ 0 y > /•? y g * |«J C^M 

l & poio* v a * ffl ^ r l & o mmm k a iasu^ * > a ^ @ © 

90% x *) < # 'j > tlHtB? S ~e $> o ^ o ># ^ f i , E C ^ X 4S R# W f 'e*± -e.^ 

I 0 0 2 0 3 

U > (IDCC-NDPK- P) flD^^W^Sr* V > fc it^ 

L^o r- fi^-^y > y > 7'S.^2.5xii 5mncg£^ t ./ y ny - j^-.x ij 
: y hftji^^l-ft Perkin-Elmer LS50B.^^^i--C# Lt:: 0 IDCC-NDPK C0 ^^}i5 
0,, M^ADPtfj^^y «t 19 i) 50 /4 M^ATPcr)^^-[--C4iSA I 7>o ( PI 2 A ) 0 
C0|', , f:^f±100 / ,M £O GDP/CTP-e.^fe:!L^ (f>sj 2 B) 0 W .V <n Pr ,x^y >JHi2 



QtMco PIPES, pH 7.2, 2mM<7)MgC"l, ^\z2, t Mcr> ? y iA>y ^&3-fr2O0 w "l<0#fifcrf»k 
20C -efcitit L ft: o ftr.*5 (i 441rm, ^ y ; , h ffiSnrctf 0 f z ? ^ £ cry frfj gg-fb ( 1 
%) Ofctfj^WjEttfrfrfc^oTto IDCC-NDPK- Pyji^ . i > 

[ 0 0 2 1 ] 

ADP**-*"* 2^ Mr/) IDCC-NDPK— P<D?&fe<OWm )tv ^ >K7>:X & ft#/>£ 
^Lt^ 3 A) , ATP-e{iFJDS-.Efgffl «100,. M) -C^ffcfift^o fc 0 R 
#« .r- r>- trGDP/CTP-c#^ (ISSI 3 B) c ADP/ATP T y -ir-f ttlQrM^ |. y x/HCl, 
pH 8.0, 5rrMcr)MgCl 2 rti-e. 21<C "C?to ft: 0 ®jj|eti432nra (Srm/y^t) y 
13, S§.*i*478nn (2.5iW;.x0 ? MIS) Lfco GDP/CTPt y -li-f #20*1® P 

IPES, pH 7.0, 2friVI(7)MgCl, pfa-e-^ ZOc-Cfr-jfco ff-'j/tS (ft441nm (5rm«r)^ ij r/ i fg 
) T?**), -^f±475nm (5nm^^ MDS) X'tZBLtzo W^SB-e-fc , -/-'- : ^ 

e ft #$J&&lltf>7i: a6 ^fiJOE L 0 Issl 3 B \z *s v^TGTP<D^^j«D^tf"eco/h & 
ft^Wi.?W L 200/, Mc7)^#-;fn ^ it S CTP<7)*gfl-fitj ftM*55*^ X Z <7> -c- 
& ! 'j > -e ^^GTPjSSlJll I* 2n*V>-f£#?&;e-. t, "C* o ?c c 
[ 0 0 2 2 ] 

^0 ^BMUP^-T*- * f&K (B4AX^4B) , £ t A f 

-ffcrtHB^O 'J > it-ft/m V > BR-ffcH X 4 rc ft "C* 4 t ^ 3it * 0 

50/, M£ ;,i x. & ADP<^>-lM;J;tj $ ft j£ ^ « £ ± C « 0 ft Si , ffifSH t L ft ^ 
I'4fiiff-:oV^^f? ft* X 0 VZ [18] , h < ADPfcNDPKt <tt##£4 

^ H ft& f -e [adp] (,;: t.j- u xm : &x % * „ 

M ^ifill Sfe ^ C-> 554 to t 3 - - ^ £ 4* < ft- ft (c , m r> (c^ ^ft^^JErih m * -/ u y h 
LtZo miELtzT- 9 fcfcltV ^IDCC-NDPK- P^ 0, 2.5, 5.0, 7. 5Xfil0.0 a 
ADP^ ft.fr 50 ,, M^ATPfc ^il-^-f S ^ t K X o T .X h y 7* 7 a . (IQn 

M^PIPESMff^J, pH 7.0, ltrM^MgCI, , 20«C) 0 tMftoxl^ ( A F) 
ft -C 2 o C- *m * T *S L , ADP^,^ tr- ft L "C ^ d y ]- L 7T: 0 

IDCC-NDPIQ: IDCC-NDPK- Pt&>ffl<Dy)l'.s)uy 4 y <r)®k$2.MizX°-$™CD -> V > 



^IZ* fi =- ? J - to 4» 60 v V V 314^ o T 1 60ft° ■ 83 [ 3 1 ] * U 7 7 V 
:.vXtUfflv>tijtLto T/ML« (°- 22 ) >'*-ft<o»# ( 

0.054) J Ttfrofcft T-JtsiS L, £ Utz&ikK <t < ■ •£ 

Lfc*< (1212) , "J >|ft^3l^*¥-JlK*lij|»®^J«*»^^--?iJ>314 (0.52) J; 

[ 0 0 2 3] 

3o <om % & MU^mti^mM \t x k yy-zo-i g-etr ^ 

fjl-U. IDCC-hDPK-PcoMl) >"(t'ft^^ ADP S.K60«Effl-eil»(52 L/c, PI 6 A 
} 2CnMio PIPES , pH 7.0, 2ttS*&Vlgp\ 2 1« M<7} ^ > M % & 50 m M^ADP 
(a) #_£je250 £ , Mcr>ADP (b) o^-fr ^OV^T^:*.^-- .*£5r?1-o f$ffi$fr£:i& 
g^ffe (a: 11. 1+0. 01s- 1 ; b: 57. 2± 0.07s" 1 ) |i, ADP-^^^Jf jj^r Jfc L T 
»fc*B}jtl U -Ml£»l7'y h<043CS#*>ffr1*3*t, O^lxlO'M- 1 

s m 6 C) o 

&-<7)£&Kli5^T, 'J ^^k^^^Jg^filDCC-NDPK-P^.^hATPt^g 

-ft-f Sut K i o TiWjE Lfc (PI 6 B ) o W;, ATPjfj n I- * •? j*JE ttiftEMfliHI 
t (50 u M^ATP-c5.57±0.01s- 1 ; 250^ Mc7)ATP-el8.4±0.03s- 1 ) , i^tfi 5 

-^<x*.S jif Si f 4 0 • 072 X 10" M- 1 s- 1 & 0 fc (tad 6 C) o 

sim t & v» t , ii v > swfci&js (i-ft * <d mm <^^<o^4nTxm & l tz 

o MM 2 ti^,«fi^60WCT «t >9 ^ATPoo^itT-eJ: J? -AN 4 -^^ 
SHfcttJ: "M^^ofco 1*16 CoPf&c&J (:..]) ~4fcS£JK£&f* ATP 
cO^FT-e°- 135 xlO e M 1 s *tmt$ Hie ATPtii^-c^.US^<Oj^illfiffif 

k + 

ADP + TDCC-KDPK— P ATP + TDCC-NDPK 

M S ft * fi k. tADP] + k [AFP] X ' *> *} , ft o T CADP] jg. £F [A I P] ;Jl;. J$;Jj[Tf 
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o x *> liar \z f- v> z> o 

[ 0 0 2 4] 

• O j& ft& £ ft & iflfl Je 

3 2 KSgjR £ ttfcJfi fcf j- o rc o /< ^ ^ -;/ «> > KADP£ Kti-j- £ rc 
«6 8U/m1 <t) r fc" £3- fcfl ?fc ( n" gor sol uti on) \r_ 10ft ffl <r> m%k <D 4 
y -ir ^ - -> a y i± 380 fl Mcr> IDCC-NDPK- Pfc tfStMn NPE-y- - v^ATP (ATPco P 5 -1 
-C2-- v Q7:. - AO-x^r -)u^:A-r )v) %&tt%kMW.F- ft & (O i >- 

- -> a > £ #■ o *: o * >- U 3 - > 3" -f ;U & L , ATP ( ft IM'l) £ ^ u (Q= ug 
tl/-f-7v ? 5/j.3fe5J-» (347nm) ;-c Jr otM L jt 0 '^I^'5D ffitojtl&W IS 
"CT-zfevK 3jc-#F?SttPH 7.1^arpCa 4.5-e^-j/> 0 & 425rmx"& »K I&ift 

f A P > ^ / < .x '7 ;v * - ( 450#. £> 650nm) £ jg t Tt to L /C 0 

P*M4= n ff>Sc, 1/- X (|3d 7 !±3oco2KW- fc& >J , #1{A 

y 5' y -> a. T - ^ V r ^ >• > ^ V » -eftlD^ATPT - -if -»)- ^ * ;V #ADP&c LT : t.t 
S ft&K IDCC-NDPK- P£ ADPt (Ol*j£££T£:&J&Mft^J&'r-«:S^ 
Sfflo i«lttl|!(7)^^flft 115 1 <DT& h -~ ^- v- >^ £ <7)ADP$i 5. 

< :* ->• y ATPy - -if t ti&|!U« K ADPj^£ Sr jBJSif f * ft CO NPE^- - -y^ADP* m 

^ mmm<Dmm.<7>$zmi* > 0) vym-itmw^ ® mm 1*1 ^ ^ s m&.x> p \~ 

'^x^<vm ¥M)l tfJZJ&YJi f i^tt# - i v ?-y J^Uv V AT 

P" - S 7r- tH $ ft &^P**fcfcH'nJ"fi&-e* 19 , ("ill) ;rfS«i|1fi?v^# $ ti s 
T56^4»<09ft* (developing tension) i t t^t 0 

[ 0 0 2 5 ] 
v; h cr; Rho^ > ^ f| ^ ^ <o X ^ L- >t f- 

/ c ctp^^t -e , 5? u- .-)• K3cIr fi s -'fOMI TiJ £ ^ ti * gdp^j 
Mv§^' ( free solution) r-ifetis? itii 9 cl'.Ci. — E CTP * 5rho fcA ! i'-ft-r 



(18) f*3<2O0 2 5 43 / 

0 d ftfi i «j # < (7>GDP^0.%. t, ^-Jt* 1 — fldftai £ JiHtfiBIJES ft&o 

^3t^_-jtf±20nW^ >. i; x/HCl , pH 7.6, IfliJ^MgCl, , MOnM^j CNH 4 ) 2 SO, , 10 „ 
M^CTP^-O^^ M^IDCC-NDPK-P^tf 200,, 1(7)^^1^ L7C 0 Eifctt 2 /* 

0. GDP£ iSJjp-r & X t K. =t o rt=0-c^'fe L fco llfe(l475nm{.c Rife Lfc&*-* ./ 
^ a _ ^ _ [,r_ j; v, 440nm-c & o jfc 0 EJg li 30^ r* & o tz „ -r -*j±# * S GTPA 1 
DPjfc n J; & IDCC-NDPK- Pco fflj £ ?}-• £ & £ ft £ 1« M<t>GDPh o v> X m^Mit £ ft > 
X %mt b A: o r - * ( |2l 8 ) II ft M ~C 0 ■ 196mi ir 1 « fe:^i>A tfifrj&ffl 'C 41 
.2nM GDP min 1 § ( [Rho] \z. X 2> 5>«K&, 3 . 43 x 10 4 s 1 ) £ # f Z> -> > ? )V 

DP t GTP£ (Tj^rlto MB® \t Hi^m^m L> ? £ rhoj^^GTP^v^ 
|iGDP-.(?5jjU7X^ic ct o rflHM$ ft& o 

{i. h ffd-eHA&McT) * n J; oTmiliS ft, dfcA»±^l&IB«#EIHSO ? ^PI^ 
^i:H£E4 jcjj^Tff-oTt J:v»i t CUl^e ft* -e^>o % 
[ 0 0 2 6 3 
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^ 9 y mmx ^-i^ r c * ^-r o 

[0 5] 
6 ] 

-A S 7 7'7a-f .ft * JH v > T $ h *t jS ^ 73 95 7 s " - * * 7Fi"o ttiR H s s 
V7"^Sr?1t^''^< :< 7' h *^i"o 6 A&0*6 B ttADP>i.tMTP-e#^ : n. 7 r: 
7=-^^^t- 0 6 C {±*DP (O) Xf±ATP (O) LT#fc ft fc^J&ffi**> 

53*1% v77"^7t*y MJS^teiffilff. (single rabbit psoas muscle fibre) (|%- 
[IS X ] 

^•t"NeCDP<oJfe|!',^-r> t:^n-;7/^f (rho protein) fcUJ^T 
*2 t> ti a: 7 n -v I- £7j%f o **- * (* » &X~Z< 3 its J: -) \z v > 7 )^W&mW. + 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of* this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Said detection approach which is an approach of detecting existence of the nucleoside 
diphosphate in a sample, and includes the process which detects the dephosphorization of the 
phosphoenzyme gestalt of the nucleoside diphosphatekinase (NDPK). 

[Claim 2] Said detection approach which is an approach of detecting existence of the nucleoside 
triphosphate in a sample, and includes the process which detects the phosphorylation to the 
phosphoenzyme gestalt of the nucleoside diphosphatekinase (NDPK). 

[Claim 3] The 1st term of a claim which detects phosphorylation or dephosphorization using the 
property of the proper of NDPK, or an approach given in the 2nd term. 

[Claim 4] The 1st term of a claim which changes NDPK so that it may have the indicator which gives a 

detectable signal which is different by the case where non-phosphorylation is carried out to the case 

where phosphorylation of the enzyme is carried out, or an approach given in the 2nd term. 

[Claim 5] The approach given in the 4th term of a claim NDPK has a fluorescence indicator. 

[Claim 6] The approach given in the 5th term of a claim which the fluorescence indicator has combined 

with NDPK by cysteine residue. 

[Claim 7] The 5th term of a claim whose fluorescence indicator is IDCC (N-[2-(iodoacetamide) ethyl] - 
7-diethylamino coumarin-3-carboxamide), or an approach given in the 6th term. 
[Claim 8] The approach given in the 1st term of a claim the nucleoside diphosphate is ADP or GDP. 
[Claim 9] The approach given in the 2nd term of a claim the nucleoside triphosphate is ATP or GTP. 
[Claim 10] The approach of the 1st term of a claim to the 9th term which is the quantitive approach 
given in any 1 term. 

[Claim 1 1] The approach of the 1st term of a claim to the 10th term which is NDPK of Myxococcus 
xanthus to which NDPK has Aspl 12 ->Cys mutation and has an IDCC indicator in this residue that 
carried out mutation given in any 1 term. 

[Claim 12] NDPK embellished so that it might have the indicator which gives a detectable signal which 
is different by the case where non-phosphorylation is carried out to the case where phosphorylation of 
the enzyme is carried out. 

[Claim 13] NDPK given in the 12th term of a claim the given indicator of embellished NDPK is a 
fluorescence indicator. 

[Claim 14] NDPK given in the 13th term of a claim which the fluorescence indicator has combined with 
NDPK by cysteine residue. 

[Claim 15] NDPK the 13th term of a claim whose fluorescence indicator is IDCC, or given in the 14th 
term. 

[Claim 16] NDPK of Myxococcus xanthus which has Aspl 12 ->Cys mutation and has an IDCC 
indicator in this residue that carried out mutation. 

[Claim 17] NDPK embellished by association of the indicator which has susceptibility in association of 
the nucleoside diphosphate, and in which at least one detection is possible. 

[Claim 18] The substrate which has NDPK of the 12th term of a claim to the 17th fixed term given in 
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any 1 term. 

[Claim 19] in NDPK of the 12th term of a claim to the 17th term for using it as vivo or an in vitro 
diagnostic reagent given in any 1 term. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

As for the content of all the documents quoted on these descriptions, the whole shall be incorporated 
here. 

Field of invention This invention relates to the assay for the assay for the nucleoside diphosphate, 
especially ADP and GDP and the nucleoside triphosphate, especially ATP and GTP. 
Background technique The nucleoside diphosphate and triphosphate play an important role in biology. 
ADP is a direct precursor for forming ATP, and is the common negotiation object of the energy in cells 
(the universal currency of cellular energy). GDP is a substrate for succinyl-CoA synthetase, is the key 
enzyme of the Krebs cycle and is formed in the case of the glyconeogenesis by phosphoenolpyruvate 
carboxy kinase. Moreover, it is indispensable also in G-protein signal transfer, microtubule growth, and 
vision excitation. UDP is related to epimerization to the glucose of a galactose, formation of a sucrose, 
and growth of glycogen. CDP is an important radical in composition of phosphoglyceride. Moreover, 
the nucleoside diphosphate is produced by many cell processes which are the products of the reaction in 
which a catalyst is carried out by some main classes of enzymes, such as triphosphatase and a kinase, 
therefore include maneuverability, muscle contraction, DNA synthesis, an imprint, a translation, and 
nitrogen fixation. 
[0002] 

Thus, detection and measurement of the nucleoside diphosphate and triphosphate are important in 
biology and metabolic research, especially bioenergetics. 

[1, 2, 3, and 4, for example, reference, by which the assay of ADP and ATP of the biological sample 
based on luciferase is known between things for 20 years or more --] . The 3 enzyme bioluminescence 
system which the bioluminescence assay of ADP and ATP is indicated for the object of the activity in 
muscles and a fat tissue biopsy, and uses [5] and luciferase is reported for the object of the activity in a 
bacterial cell extract [6]. Although the bioluminescence ADP assay optimized for the activity by the 
high ATP:ADP ratio is reported, [7] and this need enzyme clearance of ATP. Generally, it is easier than 
measuring ADP under existence of ATP to measure ATP under existence of ADP. 
Moreover, enzyme spectrophotometric analysis assay is also indicated [8 [ for example, ]]. 
Moreover, the assay of GDP and GTP of a biological sample is also known well [for example, the 
reference 9 and 10]. 

Reference 1 1 indicates the column base chromatography assay of ADP, GDP, CDP, and UDP. 
Moreover, the radioactive assay of GDP and GTP is also indicated [12, 13]. in It is used, in order that 
the NMR base assay for measurement of vivo ADP level may be known about yeast and [14] and NMR 
may measure ADP, ATP, and an erythrocyte [15]. 
[0003] 

Disclosure of invention According to this invention, the nucleoside diphosphate is detected or measured 
by the dephosphorization reaction of the gestalt of the phosphorylated enzyme of the nucleoside 
diphosphatekinase (NDPK), and nucleotide triphosphate is detected or measured by the phosphorylation 
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of NDPK to the gestalt of the phosphorylated enzyme. 

Thus, this invention offers the detection approach of the existence of the nucleoside triphosphate 
including the process which detects the phosphorylation to the gestalt of the detection approach of the 
existence of the nucleoside diphosphate including the process which detects the dephosphorization 
reaction of the gestalt of the phosphoenzyme of (a) nucleoside diphosphatekinase in a sample, and the 
phosphoenzyme of (b) nucleoside diphosphatekinase in a sample. 
This approach includes the following processes typically. 

- the process which combines the nucleoside diphosphate in a sample with NDPK phosphoenzyme, or 
carries out phosphorylation of the NDPK to the nucleoside triphosphate in a sample — and — Process 
which detects change of the description of an enzyme which carried out phosphorylation and is different 
between the gestalt which carried out dephosphorization. 
[0004] 

The vocabulary "NDPK" means the enzyme which has the transition to the nucleoside diphosphate 
(N2DP) of gamma-phosphoric-acid radical of the nucleoside triphosphate (N1TP) by the activity, i.e., 
the ping-pong mechanism, of the enzyme classified as EC 2.7.4.6. 

Nl TP+N2DP->N1 DP+N2TP A trivial name is the "nucleoside diphosphatekinase" although the 
systematic name of NDPK is the "ATPinucleoside-diphosphate phosphotransferase" based on this 
reaction scheme. Moreover, the enzyme is described to be a kinase (phosphorylation), the nucleoside 
diphosphate, a nucleoside 5' diphosphate kinase, a nucleoside-diphosphate (UDP) kinase, a nucleoside 
diphosphokinase, a nucleotide phosphate kinase, and NM23 by OshL 
[0005] 

NDPK is indicated about many living things (both a procaryote and eukaryote), for example, Homo 
sapiens, a cow, an ape, a mouse, a platanna, oat grass, a Pisum sativum, a potato, yeast, a Bacillus 
subtilis, Escherichia coli, Myxococcus xanthus, Tori's myeloblastosis virus, etc. These differences by a 
cell part, molecular weight, oligomer structure, the isoelectric point, reaction kinetics, a substrate 
priority (substrate preference), optimum pH, pH range, optimum temperature, cation demand nature 
(Mn2+, Mg2+, Co2+, calcium2+, etc.), and various isoforms are indicated. If the enzyme for which 
available versatility was suitable is taken into consideration, this contractor can choose easily NDPK 
suitable for a certain specific situation, and can refine it. Using the ping-pong mechanism which moves 
gamma-phosphate to an active site histidine from the nucleoside triphosphate (N1TP), a NDPK enzyme 
forms phosphoenzyme intermediate and, subsequently forms the nucleoside diphosphate (N2DP). This 
invention is based on discovery by being stable over the time scale with which phosphoenzyme 
intermediate gives the detection and measurement. By phosphoenzyme intermediate, the enzyme of 
others which carry out phosphorylation of the nucleoside diphosphate by the single bonding site of a 
nucleotide preferably may also be used by this invention. 
[0006] 

Phosphoenzyme can move the phosphoric-acid radical to N2DP in a sample, and can form 
corresponding N2TP. Therefore, detection of this migration is applicable to detection of the nucleoside 
diphosphate. Therefore, in order to detect the nucleoside diphosphate according to this invention, 
phosphoenzyme is required as a reagent. This can form NDPK easily superfluous NTP and by 
incubating with ATP typically. In this approach, formation of phosphoenzyme is promoted by removing 
Mg2+ using EDTA [16]. Moreover, the chemical phosphorylation of a histidine may be used, using a 
phospho lamination date (phosphoramidate) as a phosphorylation reagent [17]. 

Phosphoenzyme can be isolated in order to use it as a reagent. It turned out that phosphoenzyme can be 
stored on ice for a long time than 48 hours without carrying out dephosphorization, and it can store at - 
80 degrees C for a long period of time (at least five months) (even if freeze thawing repeated even if 
produced dephosphorization). The stability of phosphoenzyme longer than the time amount range 
required for the preparation is especially advantageous in order to act as the monitor of the dynamical 
phenomena, such as bleedoff of ADP of the ATPase origin, after that. 
[0007] 

When it adds to the sample containing NDP, dephosphorization of the phosphoenzyme is carried out by 
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migration to NDP of the phosphoric-acid radical. When it adds to the sample containing NTP, 
phosphoenzyme is formed of migration to the enzyme of a NTPgamma-phosphoric-acid radical. It 
depends for this invention on the capacity to identify between the gestalten of the phosphorylation of 
NDPK 3 and dephosphorization. 

In order to identify the gestalt of the phosphorylation of NDPK, and dephosphorization, a suitable 
measurable change of arbitration can be used. 

For example, the property of the proper of an enzyme can be used. It is the example which showed how 
the following approaches would detect dephosphorization/phosphorylation depending on specific NDPK 
chosen by the level from which sensibility differs. 

- The location of phosphate can be checked with 3 IP NMR spectrum as association with NDPK, or 
gamma-phosphate of NTP namely,. 

- The proton from which the environment changes with dephosphorization is detectable with NMR. 

- Dephosphorization may produce change of the fluorescence of proteinic tryptophan residue [for 
example, the reference 18]. 

- Dephosphorization is detectable with reduction of the phosphoenzyme origin which carried out the 
radiolabel of 32P. Radioisotope is incorporable into NDPK with sufficient convenience using [gamma- 
32P] ATP. 

- Circular dichroism or the suitable spectrometry approach of others of arbitration can detect 
conformation change which takes place by dephosphorization. 

- Dephosphorization may produce change of a surface plasmon resonance property as a result. 
[0008] 

It is more desirable to embellish an enzyme anyhow rather than using a property peculiar to a wild type 
enzyme. Moreover, this is important when a measurable change of the proper to which 
dephosphorization of selected NDPK is performed easily is not shown. 

Especially one desirable qualification is addition to the enzyme of fluorescent labeling by cysteine 
residue typically. When there is no suitable cysteine residue for wild type protein (for example, NDPK 
of Myxococcus xanthus), this can be easily introduced by mutation [19 [ for example, ]]. This contractor 
can determine the suitable location for mutation easily, and guarantees that the top mutation does not 
disturb the activity of an enzyme [20 [ for example, ]]. In addition to this by the amino acid residue to 
which arbitration was given, a specific indicator may give a result also with a sufficient twist. A routine 
experiment can determine an indicator and a suitable combination of residue. 
[0009] 

A desirable fluorescence indicator uses a coumarin content compound (around coumarin) as the base. 
Especially, preferably, it is the N-[2-(iodoacetamide) ethyl] -7-diethylamino coumarin-3-carboxamide, 
and is simply referred to as 'IDCC [21 ; drawin g 1 ] and henceforth. As for this, combining with cysteine 
residue is desirable, and when phosphorylation of the NDPK is carried out and dephosphorization of the 
NDPK is carried out in strong fluorescence, it is desirable that weak fluorescence is shown. When it 
combines with NDPK suitably, this indicator offers the advantage to which phosphoenzyme can detect 
little ADP under existence of ATP of far high concentration. This is very need in the situation that ATP 
level is high, because of an experiment in the muscle fiber of a single. Moreover, it can react very 
quickly to change of ADP level, and gives the big signal change exceeding the range of hundreds 
micromole. 

As an indicator of others which can be introduced by the same approach, an ESR indicator, a 
luminescence indicator, a phosphorescence indicator, and other suitable chromophores are mentioned. 
It will be understood that some of various options with this available contractor are suitable for real time 
from the thing of others for detecting the phosphorylation/dephosphorization of an enzyme. Although 
fluorescence is considerably suitable for real-time detection, the approach that a radiolabel is used is 
suitable measuring a terminal point. 
[0010] 

The nucleoside diphosphate/triphosphate by which assay is carried out must be the substrates of NDPK 
used. [, 22, 23, and 24, ADP, CDP, GDP, UDP, IDP, XDP(s), those deoxy derivatives (for example, 
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dADP, dCDP, dGDP, dTDP, dUDP), 6-aza~UDP, 8-BUROMO-IDP, 8-aza--GDP, 8-aza--UDP, and 
adenosine S'-methylene diphosphonate are indicated to be as various NDP substrates — ] . [ for 
example, ] phosphorylation of each of these compounds is carried out by various reaction compatibility 
and reaction kinetics NDPK and the substrate which are used — depending — with phosphoenzyme, and 
they can carry out assay according to this invention in this way by them. 

Since preferably detects and measures ADP or GDP, it is used by this invention. Therefore, NDPK 

which shows selectivity to one of the substrates of these is chosen. 

[0011] 

In the desirable embodiment of this invention, this detection approach gives quantitive data, namely, this 
invention gives the quantification approach of the nucleoside diphosphate in a sample, or triphosphate. 
Typically, this includes the process related to change of the description which can detect NDPK to the 
concentration of NDP or NTP. It will be understood that this may require the comparison with the 
calibration (measurement of dephosphorization with fluorescence indicators, such as IDDC) or criterion 
which should be performed. A calibration is typically performed in the range for which the 
concentration measured asks. 

In the first quantitive aspect of affairs, the amount of the nucleoside diphosphate or the nucleoside 
triphosphate is determined by measuring the reduction (NDP) or the increment (NTP) in the level of 
phosphorylated enzyme after addition of the phosphorylated enzyme (NDP) to a sample, or non- 
phosphorylated enzyme (NTP). 

In the second quantitive aspect of affairs, the reduction (NDP) or the increment (NTP) in level in the 
phosphorylated enzyme to time amount can determine the production rate of the nucleoside diphosphate 
or triphosphate. By fitting [ measured value / mathematical model / (for example, simple model based on 
primary exponential reduction) / suitable ], the production rate of the nucleoside diphosphate or 
triphosphate can be determined. As for the dephosphorization of phosphoenzyme (NDP), or the 
phosphorylation of an enzyme (NTP), in this aspect of affairs, being measured using the real-time 
detecting method is desirable. 
[0012] 

As for the approach of this invention, it is desirable that it is suitable for the activity of in vivo or in 
vitro. As for this approach, it is desirable that it is suitable for the activity of in SAITSU of a muscle 
fiber, and it is desirable to give the data suitable for calculating the ADP bleedoff rate from an 
actomyosin. 

The initial process which adds NDPK phosphoenzyme to an interested sample is usually in this 
approach by ** like the process (NDP related aspect of affairs) which detects the dephosphorization of 
phosphoenzyme. This may be preceded with preparing phosphoenzyme from non-phosphorylation 
NDPK. 

Moreover, this approach may also include the process which analyzes the data of the arbitration obtained 
in the case of approaches, such as applying data to a formula, in order to draw a quantitive value. 
Preferably, this approach avoids the activity of reagents, such as theophylline which may check NDPK 
activity, DESUDAMIN (desdanine), and Ag+. 
[0013] 

This invention offers the reagent for the activity in this approach like an above-mentioned approach. 
This invention offers NDPK embellished so that it may have the indicator which gives a detectable 
signal which is different by the case where non-phosphorylation is carried out to the case where 
phosphorylation of the enzyme is carried out. 

The indicator of embellished NDPK may be a fluorescence radical and is IDCC preferably. The 
indicator is typically combined with the amino acid residue of an enzyme. It is desirable to combine an 
indicator with cysteine residue. 

Especially a desirable reagent is NDPK of M.xanthus which has Aspl 12 ->Cys mutation and has an 
IDCC indicator in this residue that carried out mutation. This reagent as phosphoenzyme has 
susceptibility more higher than ATP in the magnitude of about 3 order to ADP. 
Moreover, this invention offers NDPK embellished by association of the indicator which has 
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susceptibility in association of the nucleoside diphosphate, and in which at least one detection is 
possible. 

Moreover, this invention offers the substrate which has these NDPK reagents fixed there. These contain 
a column or a bead. This may be used combining 32P-phosphorylated enzyme, and the radiolabel of the 
ADP in the sample which incubates with fixed NDPK is carried out to the conversion to ATP. 
Therefore, activity shows the amount of ADP in the first sample in an isolation solution (free solution). 
Moreover, this invention offers the production approach of these NDPK reagents. 
Furthermore, this invention offers these NDPK reagents for the activity as a reagent on in vivo or an in 
vitro diagnosis. 
[0014] 

Example General molecule biological technique was performed according to Sambrook and others [25]. 
Preparation of NDPK NDPK of M.Xanthus is cloned in Escherichia coli and a code is carried out by the 
ndk gene discovered [26]. Protein is the gay tetramer of 16kDa subunit, and is characterized, and the 
crystal structure is determined [16, 27]. Since the wild type array does not contain the cysteine of 
arbitration, a gene is operated in order to introduce cysteine residue using the phospho thioate base 
method [produced with the gestalt of the kit by 28 and Amersham], or an PCR base quick change kit 
[Stratagene] by the site-directed mutagenesis of the Escherichia coli stock TG 1 and DH5alpha. 
The recombination clone which combined the 0.8 kb HindlH-EcoRI fragmentation [29] of pJM5C2A 
containing the ndk gene of the M.xanthus origin with M13mpl9, and was obtained was used using the 
Amersham kit, and the single stranded DNA template was offered for mutation. For cloning, the ndk 
gene which carried out mutation was returned and cloned to pJM5C2A (cloned back into). As another 
thing, they are 0.7 kb BstXI-EcoRI of an M13ndk structure. Fragmentation was combined with the 
gestalt with which the in vitro gene (trademark) pRSetA expression vector was embellished, and the 
coding of the array for the histidine tag united with the amino terminal of NDPK was removed. This 
produces 3.5kb pRSndkX sequences of a plasmid, and the last "X" is the number of a series of ndk 
mutation here. 

Moreover, pRSndk was used as a template of the quick changing method. 
[0015] 

The various mutant protein containing the cysteine residue containing Dl 12C (that is, mutation of Asp- 
112 was carried out to Cys) and D62C was prepared. The location for mutation was typically chosen 
based on the contiguity section of the nucleotide join interval spare time seen in a crystal structure [16]. 
The mutant Dl 12 C gene was produced by the plasmid pRSndk4, and it was used for the manifestation. 
About the best result, it was used for starter culture of the cell which newly transformed. 200microl 
calcium competent BL21 cell [Novagen] was incubated by the pRSndk4 plasmid DNA of 2ng(s) in 
Hikami during 30 minutes. Subsequently, the one half of this mixture was wound around LB agar plate 
containing 0.1 mg [/ml ] ampicillin, and it incubated at 37 degrees C overnight. The plate contained the 
colony of 50 to 100 typically. The colony of 2-3 was inoculated into 100ml LB culture medium 
containing 0.1 mg [/ml ] ampicillin from the plate, it increased at 37 degrees C for 9 hours, and the unit 
cell went into the stationary phase. For the main culture, 8x500ml LB+ ampicillin was inoculated into 
10ml initiation culture, it incubated at 37 degrees C for 6 hours, and the time amount after cell reached 
OD595 of 0.38 typically. At this event, 0.5mg [/ml ] IPTG was added in each flask, and the cell was 
increased for further 16 hours. Beckmann L2 centrifuge recovered the cell by 3800rpm by carrying out 
at-long-intervals alignment separation at 20 degrees C for 20 minutes. The pellet was re-suspended in 
the 100ml buffer solution A (tris of 20mM - HC1, pH 8.2, ImM EDTA), and it stored at -80 degrees C. 
Frozen about 35ml cell suspension was thawed slowly, and it dissolved by subsequently ultrasonicating. 
The supernatant (namely, crude extract) was held. SDS-PAGE determined manifestation level. 
NDPKD1 12C produced more cytosol protein than 50%. 

NDPK purification includes the process of two column chromatographies. After the ionic strength which 
used DTT of pH and buffer-solution A+lOmM first adjusted, the crude extract (about 200ml) was put 
into 120ml Q-sepharose ion exchange column by the rate of flow of 4 degrees C and 2.0 ml/min. The 
buffer solution of one volume washed the column and it was eluted with the successive line form 
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inclination (500ml) of NaCl of 0.3M from 0 in the rate of flow of 1 ml/min. The bulk (about 80%) of 

NDPK is not combined with resin under these conditions. 

[0016] 

The effluent was put into the G-100 sepharose gel filtration column of the buffer solution A after the 
concentration using Amicon YM10 ultrafiltration membrane. By the rate of flow of 1 .0 ml/min, the 
elution profile showed two peaks. The 1st contained the second protein including DNA. The fraction 
containing NDPK was stored and it condensed like the front. 

It has the same array and it was checked that there is no mixing by Escherichia coli NDPK which is also 
a tetramer [30]. When mass analysis data showed that it is the single kind which has MW which mutant 
protein-amino terminal MECHIOSHIN calculated, and suiting MW 15993**lDa and refined protein 
discovered them within Escherichia coli, it was shown that it is missing [16]. The yield of pure 
NDPKD1 12C from 41. culture was about 300mg. 
[0017] 

Fluorescence indicator of NDPK By IDCC ( drawin g 1 ) of an excessive amount, NDPKD1 12C was 
incubated at 37 degrees C 2.5 times in the tris/HCl of 50mM(s) (pH 8.1) for 1 hour. In the typical 
experiment, the volume of an indicator solution was 3ml and the concentration of NDPKD1 12C was 
150microM. This solution was filtered with the Acrodisc filter (Gelman) of 0.2microM after the 
incubation, and it put into PD10 demineralization column (Pharmacia) made the balance with the buffer 
solution B (tris of lOmM - HC1, pH 8.0, EDTA of ImM). Immediately, with the buffer solution B, the 
effluent (about 6ml) containing the protein which carried out the indicator was put into 25ml Q- 
sepharose column made the balance, and, subsequently to the linearity inclination of 20ml NaCl of 
0.1M, was carried out from 0. It was eluted thoroughly and the protein which applied inclination and 
which carried out postlabeling was condensed by the same approach as the protein which has not carried 
out an indicator. Proteinic concentration was measured using absorbance spectroscopy, having assumed 
that a fluoro forehand's absorbance spectrum was eternal (epsilon430nm 46800M-lcm-l). The value of 
this concentration is in agreement with what was measured by the colorimetry assay which uses a 
bovine-serum-albumin calibration curve. After amending with the absorbance (it is the absorbance of 
0.198 at 430nM(s) in a dithiothreitol addition product) of 276nm IDCC, the molar extinction coefficient 
of NDPK was calculated with epsilon276nm 7600M-lcm-l. 
[0018] 

The yield after an indicator and purification was 65% typically. It is shown that the thiol group of Cys- 
1 12 can use this high yield easily. One molecule IDCC was incorporated for every protein molecule, 
mass analysis showed clearly that the indicator of the second part is not shown, and mass was what is 
expected by IDCC-NDPK. 

Mutation and labeling checked not acting on oligomer formation, and measured MW of complex 
according to sedimentation equilibrium centrifugal separation. A result shows that IDCC-NDPK is the 
tetramer of MW 62.7kDa (it is low 4% rather than it is calculated about a tetramer from mass analysis 
data). 

When quick analysis of the fluorescence property of the combination of new mutant / fluoro forehand 
was required, typically, using the NDPK concentration of 100 to 200microl, labeling avoided the 
ultrafiltration and Q-sepharose process and the smaller scale performed it. 

Thiol reactivity environmental susceptibility fluorescent labeling of others which were examined 
contained MDCC (N-[2-(l-MAREIMIJIRU) ethyl] -7-diethylamino coumarin-3-carboxamide) [21]. 
[0019] 

Phosphorylation IDCC-NPDK was incubated with ATP of 1 or less mM, although 5 times were 
typically superfluous. The incubation was among EDTA of the tris of 10mM(s) / HC1, pH 8.0, and ImM 
or PIPES of 10mM(s), pH 7.0, and EDTA of ImM at 37 degrees C for 45 minutes from 30. It 
dissociated using PD10 column which equilibrated protein with the same buffer solution. Many were 
phosphoenzyme in 90% of the protein eluted typically. The solution was used, after were immediately 
alike or storing in Hikami till 48 hours. When required, the solution was condensed using the micro 
centrifugal separation concentrator. 
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[0020] 

Fluorescence property The spectroscopy-property of phosphoenzyme (IDCC-NDPK-P) was compared 
with the enzyme of a non-phosphorylation gestalt Data were recorded with the Perkin-Elmer LS50B 
emission spectrometer which has the monochromator slit width set as a xenon lamp and 2.5, or 5nm. 
The fluorescence of IDCC-NDPK was 4 times as large as the bottom of existence of ADP of 50microM 
under existence of ATP of SOmicroM (drawing 2 A). The same result was obtained by GDP/GTP of 
lOOmicroM (drawing 2 B). In both cases, the spectrum was recorded at 20 degrees C from the solution 
of 200microl which contains the protein of 2microM in PIPES of 20mM(s), pH 7.2, and MgC12 of 
2mM. Excitation was performed with 441nm and the slit width of 5nm. Amendment for a being [ it / 
small ** ] volume change (1%) was not performed. These results show that IDCC-NDPK-P has strong 
fluorescence as compared with a non-phosphorylation gestalt. 
[0021] 

Although titration of the solution of IDCC-NDPK-P of 2microM which has ADP showed a big 
reduction of a fluorescence signal (drawing 3 A), it was changeless at the density range (<100microM) 
same in ATP. The same data were obtained by GDP/GTP (drawing 3 B). ADP/ ATP assay was 
performed at 21 degrees C in the tris of 10mM(s) / HC1, pH 8.0, and MgC12 of 5mM. Excitation is 
432nm (slit width of 5nm), and luminescence was recorded by 478nm (slit width of 2.5nm). GDP/GTP 
assay was performed at 20 degrees C in PIPES of 20mM(s), pH 7.0, and MgC12 of 2mM. Excitation is 
441nm (slit width of 5nm), and luminescence was recorded by 475nm (slit width of 5nm). In both cases, 
data were amended for the small increment in the volume. In drawing 3 B, the small reduction by 
addition of the beginning of GTP is based on the partial hydrolysis of GTP in the preservation liquid of 
diluted 200microM, and subsequent GTP addition was from the preservation liquid of 2mM(s). 
[0022] 

It suggests that (drawing 4 A and 4B), and this are according to the phosphorylation/dephosphorization 
of an enzyme in almost all fluorescence change with the data of non-phosphorylated enzyme. 
The increment exceeding 50microM in ADP produces the increment in small fluorescence. This is [18] 
and a thing probably depended on the nonspecific interaction of ADP and NDPK, as suggested about the 
wild type enzyme which does not label. Change of a fluorescence signal is [ as opposed to / to at least 
50% of protein concentration / [ADP] ] linearity. 

In order to lead quantitive data from fluorometry, the calibration curve shown in drawing 5 was plotted. 
The proofread data were obtained in the stop flow experiment by mixing ATP of SOmicroM containing 
ADP of IDCC-NDPK-P of lOmicroM, 0, 2.5, 5.0 and 7.5, or lO.OmicroM (the PIPES buffer of lOmM, 
pH 7.0, MgC12 of ImM, 20 degrees C). The magnitude (deltaF) of fluorescence change averaged two 
experiments by each concentration, and plotted them to ADP concentration. 

Although there is a 6nm shift by the absorption max of the fluoro forehand between IDCC-NDPK and 
IDCC-NDPK-P, in luminescence max, it is only 2nm. Fluorescence quantum yield was measured 
[ coumarin / 314 / in ethanol ] about two gestalten of the enzyme which carried out the indicator, using 
the known value 0.83 [31] as a reference. Although the quantum yield which performed even the 
enzyme (0.054) of non-phosphorylation from the enzyme (0.22) which carried out phosphorylation was 
well in agreement in change which decreases 4 times and by which luminescence reinforcement was 
observed (drawing 2), its quantum yield of phosphoenzyme was still clearly lower than the coumarin 
314 (0.52) in a buffer. 
[0023] 

Transitional dynamics Stop flow equipment performed three different transitional dynamics 
measurement. 

In the first place, the dephosphorization rate of IDCC-NDPK-P was measured in the range of ADP 
concentration. Drawing 6 A shows the luminescence data about mixing of ADP (a) of SOmicroM which 
has protein of ImicroM in PIPES of 20mM(s), pH 7.0, and MgC12 of 2mM, and ADP (b) of 
250microM. The observed rate constant (a:l l.l**0.01s-l; b:57.2**0.07s-l) increased to linearity in 
proportion to the increment in ADP concentration, and the secondary rate constant was calculated from 
the inclination of a linearity fit, and it obtained 0.21xl06M-ls-l (drawing 6 C). 
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In the second experiment, the phosphoenzyme production rate was measured by mixing an IDCC- 
NDPK-P enzyme and ATP (drawing 6 B). Again, linear increase of the rate was carried out by the 
increment in ATP (it is 18.4**0.03s-l in ATP of 50microM at ATP of 5.57**0.01s-l; 250microM), and 
the secondary rate constant drawn was 0.072x1 06M-ls-l (drawing 6 C). 

In the third experiment, the dephosphorization rate was measured under existence of ATP of various 
concentration. Although the observed rate was more larger than the bottom of the nonexistence under 
existence of ATP, a change on the strength was more small. From the inclination of the dashed line (**) 
of drawing 6 C, a secondary rate constant is calculated with 0.135xl06M-ls-l under existence of ATP. 
The increment in the rate produced by ATP is expressed as follows by taking the equilibrium of an 
enzyme into consideration. 

k + 

ADP + IDCC-NDPK~P =^^= ATP+ IDCONDPK 

k- 

The rate observed is k+[ADP]+k-[ATP], therefore increases with [ADP] and [ATP]. 

This rate acceleration is [ in / a muscle fiber ] advantageous when ATP level is usually ImM at least. 

Even if the dephosphorization of phosphoenzyme is ADP concentration low in early stages, it needs to 

be dramatically early. 

[0024] 

Measurement in a single muscle fiber The experiment was psoas fiber of a rabbit single under existence 
of calcium2+, and it went as intrinsically indicated by reference 32 with the following modification. In 
order to remove Background ADP, the incubation of the fiber for 10 minutes followed the incubation for 
[ it can set in the addition liquid containing IDCC-NDPK-P of 380microM, and NPE cage-ized ATP 
(P3-l-(2-nitrophenyl) ethyl ester of ATP) of 5mM(s) ] 10 minutes on the stiffness solution (rigor 
solution) containing 8U/ml apyrase. Fiber was moved to silicone oil and ATP (about 1 mM) was emitted 
by the laser flash plate photolysis (347nm) by zero time amount. The temperature in the case of an 
experiment was 18 degrees C, and water solutions were pH7.1 and pCa4.5. Fluorescence excitation is 
425nm and luminescence was detected through the long pass filter (450 to 650nm). 
Fluorescence trace (curve of the bottom of drawing 7 ) after time amount zero is a phase to which it 
becomes from three parts and a flash artifact, the delay of the time amount which the first ATPase cycle 
subsequently produces about ADP, and the fluorescence that expresses the reaction of IDCC-NDPK-P 
and ADP to the last decrease the 1st gently. The inclination in early stages of this curve gives the ADP 
bleedoff rate from the actomyosin of 1 ls-1 . 

The same experiment of the muscle fiber using NPE cage-ized ADP for measuring ADP production 
regardless of myosin ATPase can maintain the susceptibility and reactivity about ADP, when (i) 
phosphoenzyme is in a muscle fiber, it can detect ADP to which the (ii) signal is emitted from myosin 
ATPase, and shows that it is the tension under development (developing tension) with the format it is 
expected that a muscle fiber (iii) is. 
[0025] 

Nucleotide exchange of the human Rho protein origin The rate of nucleotide exchange of small G- 
protein and the rho (it also has GTPase activity) origin was measured in the solution. Moreover, the rate 
of hydrolysis was obtained indirectly. 

Human rho protein was prepared with the gestalt including GDP joined closely. Under existence of GTP 
added superfluously, when measured according to this invention, nucleotide exchange is produced so 
that GDP may be emitted to an isolation solution (free solution). Once GTP combines with rho, the 
catalyst of the hydrolysis will be slowly carried out at the rate of a steady state with protein. This 
produces more GDP, and once it is emitted, it will be measured. 

Firefly luminescence was recorded with the solution of 200microl containing the tris of 20mM(s) / HC1, 
pH 7.6, MgC12 of ImM, 2(NH4) S04 of lOOmM, GTP of lOmicroM, and IDCC-NDPK-P of 2microM. 
The reaction was started by t= 0 by adding Rho.GDP of 2microM. Excitation was 440nm by the 
luminescence monochromator set as 475nm. Temperature was 30 degrees C. Data were standardized 
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using fluorescence change about GDP of ImicroM obtained from titration of IDCC-NDPK-P by 
different GTP/GDP ratio. Data ( drawing 8 ) were made to fit the first [ +] 41 .2nM GDP min- 
exponential-function [ single ] function which has the inclination (after division by [Rho], 3.43x1 0-4s-l) 
of 1 in a rate constant [ of 0.196min-l ], and linearity term by the exponential phase. An exponential 
function M a burst" expresses exchange with GDP and GTP which were combined with rho. A linearity 
term expresses a steady state and exchange of GTP to a rho top is further restricted by the hydrolysis to 
GDP. 

Moreover, the rate was measured also by the 'standard' approach and obtained the same result. 

The good thing will be understood to be a line, as long as this invention is indicated by only the example 

above and amelioration is included in the range of this invention, and an intention. 

[0026] 

Reference (the content shall be included in this description as a whole) 

1. Holmsen et al. (1972) Anal. Biochem. 46: 489-501.2. Kimmich et al. (1975) Anal Biochem 69: 187- 
206.3. Loxdale (1976) J Physiol (Lond) 240-4P-5P.4. Spielmann et al. (1981) Anal Biochem 113: 172- 
178.5. Feradui et al. (1981) Int J Sports Med 2: 106- 109.6.Brovko et al.(1994) Anal Biochem 220 : 410- 
414.7.Schultz et al.(1993) Anal Biochem 215 : 302-304.8.Tornheim & Schultz (1993) Anal Biochem 
21 1 : 329-330.9. Pogson et al. (1979) Int J Biochem 10: 995- 1000. 10.de Azeredoet al.(1979) Anal 
Biochem 95: 512-519.1 1. Sato et al. (1983) Anal Biochem 135: 431-435.12.Goswami & Pande (1984) 
JBiochem Biophys Methods 9: 143-151.13.Cerpovicz & Ochs (1991) Anal Biochem 192 : 197- 
202.14.Brindle et al.(1990) Biochem 29 : 3295-3302. 15.Petersen et al.(1990) Biochim Biophys Acta 
1035: 169- 174. 16. Williams et al.(1993) J Mol Biol 234: 1230-1 247. 17.Morera et al. (1995) 
Biochemistry 34: 1 1062-1 1070. 18. Schaertl et al.(1998) J Biol Chem 273: 5662-5669. 19.Sundin et al. 
(1996) J.Bacteriol 178: 7120-7128.20.Izumiya & Yamamoto (1995) J Biol Chem 270: 27859- 
27864.2 l.Corrie (1994) J Chem Soc and Perkin Trans 1 : 2975-2982.22.Parks & Agarwal in The 
Enzymes, 3rd ed. (ed.Boyer) 8 : 307-333.23.Agarwal et al.(1978) Methods Enzymol 51: 376-386.24. 
Jong & Ma (1991) Arch Biochem Biophys 291 : 241-246.25. Sambrook et al.(1989) Molecular cloning-a 
laboratory manual. 26.Munoz-Doradoet al.(1990) J Biol Chem 265 : 2702-2706.27.Munoz-Dorado et al. 
(1990) J Biol Chem 265: 2707-2712.28.Olsen et al.(1993) Meth Enzymol 217: 189-217.29. Kindly 
provided by Dr R Williams.Cambridge.30. Almaula et al. (1995) J Bacteriol 177: 2524-2529.31. Fletcher 
& Bliss (1978) Appl Phys 16: 289-295.32.helium et al.(1997) J. Physiol.501.1 : 125-148. [easy 
explanation of a drawing] 
[DrawingJJ 

A desirable fluorescence indicator and the structure of IDCC are shown. 
[Drawing 2] 

(A) The emission spectrum of IDCC-NDPK is shown under existence of ADP/ATP and (B) GDP/GTP. 
[Drawing 3] 

Titration of the IDCC indicator phosphoenzyme by ADP/GDP (void notation O and **) and ATP/GTP 
(black painting notation - and **) is shown. 
[Drawing 4] 

The same experiment using non-phosphoenzyme is shown. 
[Drawing 5] 

The calibration curve from which fluorescence change is obtained in the stop flow experiment which 
shows how it changes to ADP concentration is shown. 
[Drawing 6] 

The transitional dynamical data obtained using stop flow fluorescence are shown. A broken line 
expresses the best fit of a single exponential function. 6A and 6B show the data obtained by ADP and 
ATP. 6C shows the plot of the rate constant obtained to ADP (O) or the ATP(-) concentration. A 
continuous line shows the best fit of a linear equation which has the drawn secondary rate constant. A 
broken line and a rectangular head (**) show the observed rate constant which was obtained when ADP 
titration was repeated under existence of ATP of ImM. 
[Drawing 7] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/26/2006 



JP,2002-543798,A [DETAILED DESCRIPTION] 



Page 10 of 10 



The plot obtained from the single rabbit psoas muscle fiber (single rabbit psoas muscle fibre) (the 
membrane exclusion was carried out) which shows a subordinate reduction of the fluorescence for the 
increment in muscular tension and the dephosphorization of IDCC-NDPK-P is shown. 
[Draw ing 8] 

The plot obtained using the human low protein (rho protein) in which bleedoff of GDP to the inside of a 
solution is shown is shown. Data made like first [ +] single exponential-function fit an equation, as 
shown by the continuous line. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

Fig. 1 




[Drawing 2 A] 

Fig. 2A 
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[Drawing 2 B] 

Fig. 2B 
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[Drawing 3 A] 
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[Drawing 3 B] 

Fig. 3B 
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[Drawing 4 A] 
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[Drawing 4 B] 
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[D rawin g 5] 

Fig. 5 
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[Drawing 6 A] 
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[Drawing 6 B] 



Fig. 6A 
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[Drawing 6 C] 



Fig. 6C 
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[Drawing 7] 
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[ D r awin g 8] 
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